Collection of blood spots on filter paper offers a practical alternative for home monitoring of diabetic patients. We have compared the merits of three protein precipitants, trichloracetic acid (TCA), perchloric acid (PCA) and sulphosalicylic acid (SSA) for the elution of glucose from the filter paper, and their subsequent effects on three enzymic methods, glucose dehydrogenase (GDH), hexokinase (HK), and glucose oxidase (GOD) for the determination of glucose using a microcentrifugal analyser. The combination of TCA elutant with the GDH method was superior with respect to time course of reaction and elution time from the filter paper, and was chosen for routine use. Within-and between-batch precision for this method was 2·7% and 3·2% respectively at normal glucose concentrations. Recovery of glucose added to whole blood was 110 ± 5%.
Measurement of glucose in capillary blood spotted on to filter paper which is then posted to the laboratory for analysis, offers a practical means of monitoring diabetic patients without the need for them to attend hospital.
The use of filter paper sampling for blood glucose was first suggested over 20 years ago by Knight and Keen, I but at that time glucose assay methods were not sufficiently sensitive for the technique to be useful. Recently, methods for filter paper glucose estimations have been reported that use more sensitive enzymic methods of glucose analysis. Manual and automated spectrophotometric glucose oxidase.v 3 automated fluorimetric hexokinase" and automated kinetic glucose dehydrogenase" methods have been reported. The glucose dehydrogenase method is a single-step reaction and would therefore be expected to improve the reproducibility of glucose assay.
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Techniques for filter-paper glucose determination have differed not only in their methods of analysis, but also in the type of protein precipitant used to elute the glucose from the filter paper. Often, there has been little explanation for the choice of protein precipitant used or any comments on its subsequent effects on the assay method.
We have investigated the merits of three protein precipitants, 2·5% TCA, 3% PCA and 2·5% SSA, for the elution of glucose from the filter paper and their subsequent effects on glucose determination by either glucose oxidase, hexokinase or glucose dehydrogenase methods. All methods were modified for use in the IL Multistat III centrifugal analyser so that reaction conditions were constant, thus ensuring that any observer effects were due to the protein precipitant itself.
Methods

FILTER PAPER AND SAMPLE PREPARATION
Sheets of Whatman No. 3 filter paper were impregnated with 5% (w/v) boric acid, dried overnight and then marked with a series of 6 mm diameter circles. Capillary blood samples obtained by finger prick were applied to the filter paper and allowed to soak through, so that the 6 mm diameter circles were completely covered when viewed from both sides of the paper. The samples were left to dry at room temperature for 1 hour before being stored in polythene bags at -20°C. The volume of blood in each 6 mm spot, calculated according to the metho~of Hill and Palmer," was 6·25~L. A 6 mm diameter disc was obtained from the centre of each blood spot using a paper punch and placed into a flat-bottomed plastic tube. 400~L of TCA, PCA, or SSA was added. The glucose concentration in the elutant was then measured at 5, 10, 15, 20, 30, 60 and 120 min. 
For each method 25 IJ-L of sample was taken with 25 IJ-L wash and 200 IJ-L of buffer/enzymel coenzyme reagent, reconstituted according to the manufacturers instructions, with a 10~L wash. All assays were run at 37°C, and the absorbance readings of the samples were read against water at 340 nm for the HK and GDH methods and 510 nm for the GOD method. Readings were taken after 3 s, and every 60 s up to 660 s.
A standard curve of 0·1, 0·2, 0·3, 0·4 and 0·5 mrnol/L of glucose was prepared by dilution of a 50 mmol/L stock standard in saturated benzoic acid (BDH Chemicals, Poole, Dorset) in each of the three elutants. GOD, HK, and GDH methods respectively. The nature of the elutant had no effect on the time taken to reach equilibrium for either the GOD, or the GDH method. However the GDH method was a much faster reaction, the time taken to attain equilibrium being only 240 s compared with 600 s for the GOD method. Both PCA and SSA affected the time course of the HK reaction, equilibrium being reached after only 600 s while the HK reaction was complete with TCA at 240 s. 
Results
ELUTION TIME
ABSORBANCE OF STANDARD CURVE
The effects of TCA, PCA and SSA on the final absorbance change at 660 s for each of the three methods was examined. PCA caused a 28% reduction and SSA a 48% reduction in the final absorbance observed in the glucose oxidase method when compared with TCA. For the hexokinase method, PCA caused a 21% reduction, and SSA a 38% reduction in the final absorbance compared with TCA. For the glucose dehydrogenase method, the final absorbance of the 0·5 mmol/L standard was the same for PCA and TCA, but SSA caused a 42% reduction in the final absorbance.
PRECISION
The within-batch precision was determined by analysing 10 replicate filter-paper blood spots containing normal or high concentrations of glucose for each of the three methods with each of the three protein precipitants. The results are shown in Table 1 . SSA gave the worst coefficient of variation with all three methods. The results obtained using PCA or TCA with either the GDH or the GOD method were The detection limit for each method with each protein precipitant was determined by calculating 3 x SD of the mean absorbance for a rotor of cuvettes containing only buffer/enzyme/ coenzyme reagent and elutant (see Table 2 ). The GDH method had the lowest detection limit irrespective of the nature of the elutant. The combination of SSA and the GOD method was only a fifth as sensitive as PCA or TCA with the GDH method. precision of this method was determined by repeated analysis of filter-paper blood spots stored at -20°C over a period of 3 months at three different glucose concentrations (see Table 3 ). Analytical recovery of glucose was determined by adding a known amount of stock glucose standard to samples of heparinised blood which were then spotted on to filter paper. Glucose was then measured using the 16 .: The results are shown in Table 4 . Sixty-two samples of blood were taken from the routine workload of the laboratory, and blood spotted on to filter paper, and measured by the described method. Glucose was also determined from the same samples by an AutoAnalyser method using glucose oxidase. The results are shown in Fig. 5 .
Discussion
Home blood-glucose monitoring using impregnated filter paper strips has been found to be of value in both adults" and children." This approach, whilst taking the initiative away from the patient, has proved a reliable and relatively inexpensive way of assessing the patient's control. Y The potential applications of this technique necessitates that the method must be applicable to large numbers of samples.
Several automated methods have been reported using different enzymic methods and different solutions for the elution of glucose from the dried blood spot. .'-~.
If sulphosalicylic acid is used to elute the glucose, a minimum elution time of 60 min is required.:':~One hour elution time has also been suggested for PCA 4 and TCA. III We found that with TCA elution for only 20 min was necessary, but up to 2 h was required if SSA or PCA was used. Thus for a rapid assay, TCA is the elutant of choice.
There have been few reports on the effects of TCA, PCA or SSA on any of the enzymic methods for glucose analysis, since in most situations these methods have been used for plasma analysis and not after protein precipitation of whole blood. Price and Spencer I I reported that perchloric acid did not affect the reaction-rate curve of a kinetic glucose dehydrogenase method. We found no difference in the time course of reaction between PCA, TCA and SSA on either the glucose dehydrogenase or the glucose oxidase methods, but PCA and SSA both prolonged the time course of reaction of the HK method. However the nature of the elutant considerably affected the final absorbance of the GOD and HK methods. Both SSA and PCA reduced the final absorbance obtained. This type of method inevitably involves a high dilution factor and the measurement of small concentrations of glucose, and this reduction in final absorbance with GOD and HK methods may thus prove important.
The nature of the elutant also affected the within-batch precision of each method, TCA and PCA giving better results than SSA. We could not achieve the within-batch CVs previously reported for GDH and SSA. 5 The within-batch precision we obtained with GDH and either PCA or TCA was better than that reported for an automated glucose-oxidase method" and comparable to that for an automated fluorimetric hexokinase method."
The GDH reaction has been used previously for both kinetic'f and equilibrium 13 assays of plasma glucose on a centrifugal analyser. Our GDH/TCA filter-paper method in routine use gave comparable between-batch precision to that previously reported with these GDH methods;'!"!' and better than the betweenbatch precision reported for other filter paper methods." III. 14 
